Data are within the supporting information files.

Introduction {#sec004}
============

*Toxoplasma gondii* is one of the most well studied parasites because of its medical and veterinary importance, ease of *in vitro* cultivation (ability to grow in many cell lines), being readily recognizable by light microscopy, ease of genetic manipulation, and availability of different isolates with varying virulence \[[@pone.0156255.ref001]\]. It is a coccidian parasite with felids as its definitive host, and all warm blooded animals, including humans as intermediate hosts. *Toxoplasma gondii* infections are widely prevalent in humans and animals worldwide \[[@pone.0156255.ref001]\]. People become infected postnatally mainly by ingesting tissue cysts from undercooked meat, or consuming food or water contaminated with oocysts. However, only a small percentage of exposed adult humans develop clinical symptoms following exposure. It is unknown whether the severity of toxoplasmosis in immunocompetent persons is due to the parasite strain, host variability, or to other factors. Attention has been focused on the genetic variability among *T*. *gondii* isolates from apparently healthy and sick hosts \[[@pone.0156255.ref002]\]. Severe cases of toxoplasmosis have been reported in immunocompetent patients in association with atypical *T*. *gondii* genotypes in certain countries \[[@pone.0156255.ref002]--[@pone.0156255.ref006]\]. Historically, *T*. *gondii* was considered to be clonal with low genetic diversity and grouped into three types: I, II, and III \[[@pone.0156255.ref007]\]. However, recent studies have revealed a greater genetic diversity of *T*. *gondii*, particularly in isolates from South America \[[@pone.0156255.ref008],[@pone.0156255.ref009]\].

A variant of type II (NE-II) *T*. *gondii* strain was found associated with prematurity and severe disease at birth in congenitally infected children in the USA \[[@pone.0156255.ref010]\]. Little is known of the association of genotype and clinical disease in animals \[[@pone.0156255.ref001]\]. Type II strains are the most prevalent in Europe and the United States \[[@pone.0156255.ref011]\].

After a few multiplication cycles, *T*. *gondii* tachyzoites convert into bradyzoites that encyst in many organs, predominantly in brain and muscle \[[@pone.0156255.ref012],[@pone.0156255.ref013]\]. It is thought that most hosts remain infected for life and have persistent tissue cysts \[[@pone.0156255.ref001]\]. It is presumed that tissue cysts rupture from time to time but in an immunocompetent host the bradyzoites released from tissue cysts are killed by host immune factors, mostly by cell-mediated immunity. However, in an immunosuppressed host, the released bradyzoites can transform into tachyzoites, and reactivate acute infection. The reactivation can be clinically disastrous. Many patients with Acquired Immune Deficiency Syndrome (AIDS) die of toxoplasmosis or have severe vision loss from persistent, active retinal infection \[[@pone.0156255.ref014]\]. How and when tissue cysts rupture is unknown. However, administration of exogenous corticosteroids in large doses can facilitate proliferation and development of clinical lesions if there is reactivation (for unknown reasons) but does not cause the reactivation itself \[[@pone.0156255.ref001]\]. It is thought that congenitally--infected children, especially infected in the first two trimesters, although born asymptomatic, at any age can develop clinical toxoplasmosis. Ocular toxoplasmosis has been diagnosed in patients that were born asymptomatic two decades previously \[[@pone.0156255.ref001],[@pone.0156255.ref015]\].

Most information on the biology of tissue cysts has been derived from studies in rodents, principally mice (Tables [1](#pone.0156255.t001){ref-type="table"} and [2](#pone.0156255.t002){ref-type="table"}). Mice are a convenient model because of the availability of many different strains, and knockouts for specific traits. However, there are two main drawbacks of the mouse model. Although laboratory mice are highly susceptible to infection, parasitemia and congenital infection can occur during chronic infection in the absence of exogenous infection \[[@pone.0156255.ref016]--[@pone.0156255.ref018]\]. Additionally, all strains of mice die (unless medicated) when infected with type I genotype strains of *T*. *gondii*, irrespective of the dose. Compared with type I, types II and III are relatively avirulent for mice; however, oocysts of most strains are pathogenic for mice \[[@pone.0156255.ref019]\]. Currently, there are many genotypes of *T*. *gondii* with varying degrees of virulence to mice. Rats, in contrast, are more resistant to clinical toxoplasmosis, and simulate *T*. *gondii* infection in humans. However, comparatively, little is known of the biology of *T*. *gondii* infection in rats and many older studies were performed with *T*. *gondii* strains that had been serially passaged in the laboratory that may have altered their phenotypic traits \[[@pone.0156255.ref001],[@pone.0156255.ref020]\].

10.1371/journal.pone.0156255.t001

###### Summary of studies concerning biology of tissue cysts in rodents.

![](pone.0156255.t001){#pone.0156255.t001g}

  Rodent   *Toxoplasma gondii*                                  Cyst biology   References                                                                                                                                                                                                                                                                                                                  
  -------- ---------------------------------------------------- -------------- ------------ ------- ----------------------------------------------------- ------ -------------------------- ----------------------------------------------- ------------------------------------------------------------------------------------------------ ------------------------------------------------------------- ----------------------------
  Rat      Long-Evans                                           M              8 w          6       II, Prugniaud[^a^](#t001fn001){ref-type="table-fn"}   i.p.   1 million tachyzoites                                                      More cysts in amygdalar region                                                                   Histology-data pooled, bioluminescence                        \[[@pone.0156255.ref021]\]
  Rat      Wistar                                               M              NS           28      I, RH[^b^](#t001fn002){ref-type="table-fn"}           i.p    100 or 1000 tachyzoites    25 days                                         Mid brainedial portion                                                                           Histology, HE, PAS, coronal sections                          \[[@pone.0156255.ref022]\]
  Rat      Wistar                                               M              NS           28      I, RH[^b^](#t001fn002){ref-type="table-fn"}           i.p    1000 or 1500 tachyzoites   49 days                                         Mid brain                                                                                        Histology, HE, PAS, coronal sections-10 rats                  \[[@pone.0156255.ref022]\]
  Mice     BALB/c                                               F              7 w          6       II, Prugniaud[^a^](#t001fn001){ref-type="table-fn"}   i.p.   400 tachyzoites                                                            More cysts in amygdalar region                                                                   Histology-data pooled, bioluminescence                        \[[@pone.0156255.ref021]\]
  Mice     CD, Outbred                                          M              mo           5       NS, HIF[^c^](#t001fn003){ref-type="table-fn"}         oral   10 tissue cysts            18 weeks                                        No preference                                                                                    Coronal sections, histology, HE, 1600 sections per mouse      \[[@pone.0156255.ref023]\]
  Mice     C57BL/6J                                             F              7 w          19      II, ME49[^d^](#t001fn004){ref-type="table-fn"}        i.p.   100, 1000, 100,000         9 weeks[^e^](#t001fn005){ref-type="table-fn"}   No tropism                                                                                       Coronal sections-40 μm, fluorescence microscopy               \[[@pone.0156255.ref024]\]
  Mice     C57BL/69H-2[^b^](#t001fn002){ref-type="table-fn"})   NS             10--12 w     6--14   II, ME49[^d^](#t001fn004){ref-type="table-fn"}        i.p.   20 tissue cysts            3 weeks, 6 weeks                                At 3 weeks, tissue cysts more in hippocampus, same trend at 6 weeks but results not conclusive   tissue cysts counted in homogenate of brain                   \[[@pone.0156255.ref025]\]
  Mice     Swiss webster                                        F              NS           4       II, ME49[^d^](#t001fn004){ref-type="table-fn"}        i.p.   10 tissue cysts            6 months NS                                                                                                                                      Homogenate of brain, 20μl tested, 213 tissue cysts measured   \[[@pone.0156255.ref026]\]
  Mice     STR, outbred                                         NS             2 mo         65      SRA                                                   s.c.   12 tissue cysts            7 days-22 mo                                    Pathogenesis described. cyst rupture not observed[^f^](#t001fn006){ref-type="table-fn"}          HE, TEM, IHC                                                  \[[@pone.0156255.ref027]\]

^a^ Strain isolated in 1964 from human fetus, genetically modified to express firefly luciferase and green fluorescent protein.

^b^ Strain isolated in 1937 from the brain of a child. It can no longer induce oocyst formation in cats and some lines of this parasite disappear in animals 21 days p.i.

^c^ Isolated in 1993 from the brain of a HIV-positive patient.

^d^ Isolated in 1950's from diaphragm of sheep. Genetically modified to express green fluorescent protein.

^e^ 14.3%-mortality-10,000; 19.2%-mortality 100,000.

^f^ Of 32 mice studied 1--22 mo p.i., few contained glial nodules with immunoreactive debris/organisms but most nodules did not contain *T*. *gondii*. There was no evidence for new tissue cyst formation.

M = Male, F = Female, N = Number, NS = Not stated, w = Week, mo = Month, i.p. = Intra peritoneal, HE = Hematoxylin and Eosin. PAS = Periodic Acid-Schiff reagent.

10.1371/journal.pone.0156255.t002

###### Summary of studies on size of tissue cysts in the brains of rodents inoculated with *T*. *gondii*.

![](pone.0156255.t002){#pone.0156255.t002g}

  Host   *T*. *gondii* strain   Tissue cyst data   References                                                                                                                                                                                                                           
  ------ ---------------------- ------------------ ------------ -------------------------------------------- --------------------------- -------------------------------------------------------- ------------------------ ------------------------------------------------------------ ----------------------------
  Mice   BALB/c                 M                  5            [^a^](#t002fn001){ref-type="table-fn"}ME49   1, 2, 6 mo                  Brains fixed, cryosectioned, FITC-DB                     NS                       1 mo-7-20 μm,2 mo-3-30 μm,6 mo-5-25 μm                       \[[@pone.0156255.ref028]\]
  Mice   STR, Outbred, albino   NS                 18           [^b^](#t002fn002){ref-type="table-fn"}SRRA   3, 6, 12, 18, 22 mo         Brains fixed, 1 μm sections stained                                               3 mo-15-30 μm,6 mo-20-50 μm,12-22-30-50 μm                   \[[@pone.0156255.ref029]\]
  Mice                          NS                 20           [^c^](#t002fn003){ref-type="table-fn"}Burk   4, 8, 12, 16 and 24 weeks   Brain homogenate in saline                               100 at each time point   8 weeks-38 μm,12 weeks-40 μm,16 weeks-41 μm,24 weeks-42 μm   \[[@pone.0156255.ref030]\]
  Mice   CBA/J                  F                  10           ^ME49^                                       3,4,5,6,8 weeks             Percoll isolated tissue cysts                            630                      Tissue cyst size relatively constant at 5 points studied     \[[@pone.0156255.ref031]\]
  Rat    Sprague-Dawley         F                  35           [^d^](#t002fn004){ref-type="table-fn"}VEG    75 days                     Brain, formalin fixed, histological sections, HE stain   224                      Up to 50 μm, most 22.5 to 30 μm                              \[[@pone.0156255.ref032]\]

^a^ Type II, 200 tachyzoites, subcutaneously.

^b^ Beverley strain from rabbit, genotype unknown, 12 tissue cysts, subcutaneously.

^c^ Genotype unknown, tissue cysts, subcutaneously.

^d^ Type III, 1--1 million oocysts, orally.

M = Male, F = Female, NS = Not stated, mo = Month, P.I. = Post infection.

*Toxoplasma gondii* is a highly successful parasite. The definitive cat host is thought to principally become infected with *T*. *gondii* by carnivorism. Alterations observed in rodent behavior favor its success in transmission. *Toxoplasma gondii* infected rodents lose their fear of cats, and thus are attracted rather than repelled by feline urine, including wild felids, thus avoiding the feline territory marked by cats \[[@pone.0156255.ref021],[@pone.0156255.ref033]--[@pone.0156255.ref036]\]. Some studies suggest that dopamine plays a role in this behavior although the mechanism has not been defined \[[@pone.0156255.ref037]--[@pone.0156255.ref039]\]. Tissue cyst location has been proposed to be a factor in observed behavior changes, for example, tropism for a specific brain region. The distribution of *T*. *gondii* in different brain regions is of clinical/biological significance because of its association with psychomotor disorders \[[@pone.0156255.ref040]--[@pone.0156255.ref042]\]. Studies in rodents pertaining to this topic are summarized in [Table 1](#pone.0156255.t001){ref-type="table"}.

In the present study, we have reevaluated the rat model of toxoplasmosis, using rats of the same age, strain, and sex, after oral inoculation with oocysts (natural route and natural stage of infection) of 11 *T*. *gondii* strains of seven genotypes ([Table 3](#pone.0156255.t003){ref-type="table"}). We euthanized rats at two months post inoculation (p.i.) and investigated the association of parasite genotype with tissue cyst distribution, location, size, and lesions in brain and eye. We were particularly interested in tissue cyst rupture and the fate of the released bradyzoites.

10.1371/journal.pone.0156255.t003

###### Experimental toxoplasmosis in rats[^a^](#t003fn001){ref-type="table-fn"} inoculated orally with oocysts of 11 strains of *T*. *gondii* of different genotypes.

![](pone.0156255.t003){#pone.0156255.t003g}

  *T*. *gondii* strain (Group no.)   ToxoDB PCR-RFLP genotype \# (Conventional)   Origin Country   Host         References                                          No. of oocysts[^e^](#t003fn005){ref-type="table-fn"}   Died                                                 Day killed   Rat nos.
  ---------------------------------- -------------------------------------------- ---------------- ------------ --------------------------------------------------- ------------------------------------------------------ ---------------------------------------------------- ------------ --------------
  GT1 (1, 2)                         \#10 (Type I)                                USA              Goat         \[[@pone.0156255.ref043]\]                          100000                                                 8/10[^b^](#t003fn002){ref-type="table-fn"}           65           6157,6158
  \(52\)                                                                                                                                                            1000                                                   0/5                                                  62           6228--6232
  TgCtCO2 (3, 4)                     \#28 (Atypical)                              Colombia         Cat          \[[@pone.0156255.ref044]\]                          100000                                                 5/10                                                 62           6159--6163
  \(53\)                                                                                                                                                            1000                                                   0/5                                                  66           6233--6237
  ME49 (5, 6)                        \#1 (Type II)                                USA              Sheep        \[[@pone.0156255.ref045]\]                          10000                                                  0/10                                                 62           6164--6173
  TgNmBr1 (7, 8)                     \#1 (Type II)                                Brazil           Rabbit       \[[@pone.0156255.ref046]\]                          100000                                                 0/10                                                 65           7174--6183
  VEG (9, 10)                        \#2 (Type III)                               USA              Human        \[[@pone.0156255.ref047],[@pone.0156255.ref048]\]   100000                                                 0/10                                                 63           6184--6193
  TgGoatUS4 (11, 12)                 \#2 (Type III)                               USA              Goat         \[[@pone.0156255.ref049]\]                          100000                                                 6/10                                                 63           6194--6197
  \(54\)                                                                                                                                                            10                                                     0/5                                                  62           6243--6247
  TgBbUS1 (13, 14)                   \#147 (Atypical)                             USA              Black bear   \[[@pone.0156255.ref050]\]                          100000                                                 0/5                                                  66           6243--6247
  \(56\)                                                                                                                                                            1000                                                   1/5 [^c^](#t003fn003){ref-type="table-fn"}(day 10)   62           6248--6252
  \(55\)                                                                                                                                                            100                                                    0/5[^d^](#t003fn004){ref-type="table-fn"}            62           6243--6252
  TgPigUS15 (15, 16)                 \#8 (Atypical)                               USA              Pig          \[[@pone.0156255.ref051],[@pone.0156255.ref052]\]   10000                                                                                                                    
  TgRabbitBr1(17, 18)                \#19 (Atypical)                              Brazil           Rabbit       \[[@pone.0156255.ref046]\]                          10000                                                  10/10                                                             6144 (day 7)
                                                                                                                                                                    100                                                    0/5                                                  62           6258--6263
                                                                                                                                                                    10                                                     0/5                                                  62           6253--6267
  TgCtPRC3 (19, 20)                  \#18 (Atypical)                              China            Cat          \[[@pone.0156255.ref053]\]                                                                                 0/10                                                 66           6208--6217
  CT1 (59)                           \#10 (Type I)                                USA              Cattle       \[[@pone.0156255.ref054]\]                          10000                                                                                                                    D6268-6272
  \(60\)                                                                                                                                                            1000                                                                                                                     D6263-6267

^a^ All rats were 46 day old on day of *T*. *gondii* inoculation.

^b^ Medicated with sulfadiazine I drinking water day 7--10 p.i.

^c^ Medicated with sulfadiazine I drinking water day 10--11 p.i.

^d^ Medicated with sulfadiazine I drinking water day 15--19 p.i.

^e^ Mouse infective units, not actual count.

Materials and Methods {#sec005}
=====================

Ethics statement {#sec006}
----------------

All procedures were approved by the Beltsville Area Animal Care and Use Committee, United States Department of Agriculture.

Rats {#sec007}
----

Sprague Dawley (*n* = 150) female rats (SAS-SD, Code) were used in two trials. They were obtained from Charles River, New York. In the first trial, 100 rats were inoculated orally with sporulated oocysts, with 10 rats as uninoculated controls. The rats were observed twice daily for illness. Unexpectedly, 39 rats died overnight of acute toxoplasmosis, without obvious clinical signs ([Table 3](#pone.0156255.t003){ref-type="table"}). The rats were given anti-*T*. *gondii* therapy (see [Table 3](#pone.0156255.t003){ref-type="table"}) when clinical signs were anticipated or cagemates had died. Therefore, a second batch of rats was inoculated with lower doses, 38 days later ([Table 3](#pone.0156255.t003){ref-type="table"}). In both trials, rats were inoculated when they were 42 days old, and they were from the same source. Rats were housed in groups of five in rat cages and were given water and rodent pellets ad lib.

*Toxoplasma gondii* strains {#sec008}
---------------------------

Eleven strains were used in this investigation. Oocysts were obtained by feeding infected tissues to *T*. *gondii*-free cats as described \[[@pone.0156255.ref001],[@pone.0156255.ref055]\]. Oocysts were sporulated and stored in 2% sulfuric acid at 4°C. For inoculation into rats, sulfuric acid was removed by centrifugation and oocysts were inoculated orally by a stomach tube. The number of infective oocysts was determined by bioassay in mice \[[@pone.0156255.ref001]\]. For this, 0.5 ml of the inoculum fed to rats was diluted serially 10-fold. A 10^−4^ dilution of inoculum of each strain was infective to five out of five mice. Thus, there were at least 10,000 infective oocysts in each inocula. The doses in [Table 3](#pone.0156255.t003){ref-type="table"} refer to mouse infective units and not the visual count because the oocysts had been stored for various times before feeding rats. Oocysts for this experiment had been collected at various times and stored in refrigerator. The titrations in mice were made after the experiment when the rats had died unexpectedly. We did not have an estimate of viable oocysts in the inocula before feeding them to rats. In hindsight it would have been ideal to titrate oocysts before infection of rats. Bioassay in mice sometimes takes 3 months. With respect to influence of chemotherapy and the fate of tissue cysts, only a few rats had received chemotherapy, and it is for this reason the individual rats are indentified in [Table 3](#pone.0156255.t003){ref-type="table"}. As such, the drugs used have no known effect on tissue cysts, they are active only against tachyzoites.

Necropsy examination {#sec009}
--------------------

The experiment was terminated two months post inoculation (p.i.) as planned, at which point all rats were clinically normal. All rats, including controls, were euthanized between 62--66 days after start of the experiment using the CO~2~ gas anesthesia followed by thoracotomy. After obtaining blood from the chest cavity, samples of tongue and skeletal muscle (from thigh) and both eyes were fixed in 10% buffered formalin. Entire brain from olfactory bulb to cervical spinal cord of each rat was removed. The brain was sliced longitudinally, at the midline. The entire one-half of the brain was saved for histology. From the second half, approximately 2--3 mm longitudinal slice was also saved for histology and the remainder of brain was not fixed ([S1 Fig](#pone.0156255.s001){ref-type="supplementary-material"}).

Tissue cyst enumeration {#sec010}
-----------------------

Unfixed brain ([S1 Fig](#pone.0156255.s001){ref-type="supplementary-material"}) was homogenized in 1.5 ml saline (0.85% NaCl) with a mortar and pestle and passage through a 22 gauge needle and syringe; to this homogenate an equal part of 10% formalin was added and stored at room temperature for tissue cyst size measurement. For tissue cyst size, 10 μl of brain homogenate was dispensed onto a glass slide and covered with a 22 x 22 mm No.1 glass coverslip. Using this volume under a coverslip, tissue cysts were floating and not compressed. Measurements were made with micrometer in eye piece at 400x magnification.

Histological examination {#sec011}
------------------------

For histology, tissues were fixed in 10% buffered formalin. Tissues from each rat were processed for embedding in three paraffin blocks, a block of muscle (a cross section of tongue and myocardium at mid point, and 2 x 1 cm pieces of skeletal muscle from rear limb), one block containing both eyes, and the third block of brain containing two sagittal sections of both halves of the brain. Sections of brains were stained with hematoxylin and eosin (HE) or periodic acid-Schiff reagent (PAS) counter stained with hematoxylin (PASH) ([S1 Fig](#pone.0156255.s001){ref-type="supplementary-material"}). Sections of muscles were stained with PASH.

Histological sections were made from the middles of eyes, at the point of entry of optic nerve. Both eyes were embedded in one block and four to six sections were made from each block. Eyes of 16 rats (all 10 infected with ME49 strain, and 6 infected with TgNmBr1) had been discarded inadvertently before histological examination.

Immunohistochemical staining (IHC) {#sec012}
----------------------------------

Histological sections were reacted with rabbit polyclonal *T*. *gondii* \[[@pone.0156255.ref001]\], and with anti-bradyzoite (BAG1) antibodies and counter staining with hematoxylin as described previously \[[@pone.0156255.ref056]\]. The staining procedure described by \[[@pone.0156255.ref001]\] was followed for all sections.

Tissue cyst distribution in histological sections of brain {#sec013}
----------------------------------------------------------

Both sagittal sections for 108 infected rats stained with BAG1, and PASH were scanned for data analysis at the Virtual Pathology Centre at the University of Leeds (<http://slides.virtualpathology.leeds.ac.uk>) ([S2 Fig](#pone.0156255.s002){ref-type="supplementary-material"}). The brain scans were divided into regions cerebellum, rhombencephalon, mesencephalon, hippocampus, thalamus, hypothalamus, subpallium, frontal cortex, olfactory bulb, and the colliculus (inferior and superior), based on the rat brain atlas \[[@pone.0156255.ref057]\] ([S1 Table](#pone.0156255.s003){ref-type="supplementary-material"}). Individual tissue cysts were then located visually and counted manually on the scanned slides. The total number of tissue cysts for each region (for each rat) was tallied. To assess tissue cyst density, the brain regions were measured for 20 representative brains chosen as every fifth animal of the study and the relative area of each region determined using ImageJ analysis ([S2 Table](#pone.0156255.s004){ref-type="supplementary-material"}). The size of the brain region was reported as a percentage of the whole brain slice and these percentages were used to calculate the tissue cyst density.

Statistical analysis {#sec014}
--------------------

Data was analyzed using IBM SPSS statistics software (version 22). Normality of the dataset was tested using Shapiro-Wilk test and the distribution was found non-normal. Therefore, non-parametric tests were used for analysis with the Kruskal-Wallis and Mann-Whitney tests.

Degree of encephalitis {#sec015}
----------------------

An attempt was made to record inflammatory lesions in the brain as +, ++, and +++. Three plus lesions were present throughout the brain. Category 2 (++) lesions were multiple foci, whereas category 1 (+) lesions were solitary.

Antibodies to *T*. *gondii* {#sec016}
---------------------------

Antibodies to *T*. *gondii* in rat sera were determined using the modified agglutination test (MAT) as described \[[@pone.0156255.ref058]\].

Results {#sec017}
=======

Clinical {#sec018}
--------

In the first trial, 39 of 50 rats fed oocysts of five *T*. *gondii* strains (8 of 10 GT1, all 10 TgBbUS1, 5 of 10 TgCtCO2, all 10 TgRabbitBr1, and 6 of 10 TgGoatUS4) died of acute toxoplasmosis (enteritis and pneumonia) over the weekend between six and eight days p.i. ([Table 3](#pone.0156255.t003){ref-type="table"}). The two surviving rats fed GT1 strain were given sulfadiazine sodium in drinking water (1mg/ml) for two days, day seven and eight p.i. In the second trial, one of five rats fed oocysts of the TgBbUS1 strain died of toxoplasmosis on day ten p.i. ([Table 3](#pone.0156255.t003){ref-type="table"}). All tissues of two rats (1 TgBbUS1, Rat D6143 and 1 TgRabbitBr1, Rat D6144) that died of acute toxoplasmosis were processed for histological examination. Rats fed oocysts of the TgBbUS1 were medicated with sulfadiazine, 10--19 days p.i. ([Table 3](#pone.0156255.t003){ref-type="table"}).

Rats that survived the first two weeks after feeding oocysts appeared healthy by clinical observation.

Acute toxoplasmosis {#sec019}
-------------------

Rats that died between seven to ten days p.i. had enteritis, pneumonia, encephalitis, and myocarditis with tachyzoites in lesions. Individual bradyzoites and tissue cysts were seen in the brains and skeletal muscles of both rats sectioned ([Fig 1](#pone.0156255.g001){ref-type="fig"}). A focus of retinitis with tachyzoites was seen in one eye ([Fig 2](#pone.0156255.g002){ref-type="fig"}).

![Acute toxoplasmosis and tissue cyst formation in cerebrum of Rat D6143 infected with the TgBbUS1 strain, 7 days p.i.\
IHC staining with BAG1 T. gondii antibodies. (A) A focal area of necrosis, the genesis of a glial nodule, individual bradyzoites and small tissue cysts (arrow). Several tachyzoites are present in the lesion but are unstained. (B) Higher magnification of an area indicated by arrow in Fig 1A. Note individual bradyzoites (arrowheads) and small tissue cysts (arrows). (C) Necrosis (arrow) and two tissue cysts (arrowheads) in skeletal muscle.](pone.0156255.g001){#pone.0156255.g001}

![Focal inflammation in retina (a) of Rat D6143 infected with the TgBbUS1 strain, 7 days p.i.\
(A) Necrosis, and inflammatory focus, primarily affecting the inner retinal layers, bulges into the vitreous chamber (arrows). The choroid (b) and sclera (c) are not affected. HE stain. (B) Higher magnification of Fig 2A with two tachyzoites (arrows). (C) A tachyzoite (arrow) in the inflammatory focus. IHC stain with polyclonal *T*. *gondii* antibodies. This tachyzoite is larger in size than the tachyzoites stained with HE in Fig 2B because tachyzoites swell during immunostaining.](pone.0156255.g002){#pone.0156255.g002}

*Toxoplasma gondii* serology results {#sec020}
------------------------------------

Antibodies to *T*. *gondii* were found in sera of all inoculated rats (1:500 dilutions) that were euthanized two months post inoculation.

Tissue cyst density versus distribution {#sec021}
---------------------------------------

Tissue cysts were found in all regions of the brain in chronically infected rats ([Fig 3](#pone.0156255.g003){ref-type="fig"}).

![Tissue cysts in sections of brains of rats.\
(A) A group of nine tissue cysts without host reaction. IHC staining with BAG1 *T*. *gondii* antibodies in Rat D6255 infected with the TgRabbitBr1 strain (B) Intraneuronal tissue cyst with thin PAS-negative cyst wall (arrow) enclosing numerous bradyzoites that are stained red. Rat D6249, Strain TgBbUS1. PASH stain.](pone.0156255.g003){#pone.0156255.g003}

The tissue cyst density in different brain regions varied extensively between the 108 rats examined with many regions highly infected in some animals. Overall, the colliculus was the most highly infected although there was a large amount of variability with three rats ([Fig 4](#pone.0156255.g004){ref-type="fig"}) considerably higher than the others. Based on comparison between regions (pairs compared using Mann-Whitney non-parametric test), 12 of the regional comparisons were significant, taking into account Bonferroni multiple testing corrections. The cerebral cortex, thalamus, and cerebellum had higher tissue cyst densities and the hypothalamus, subpallium, and hippocampus had lower tissue cyst densities. The rhombencephalon had a higher density than the hypothalamus or subpallium. The hypothalamus was lower than most of the regions particularly the cerebral cortex, thalamus, cerebellum, rhombencephalon, and olfactory.

![Tissue cyst distribution and pair wise comparison of the brain regions for infected rats.\
(A) Box and whisker plot of tissue cyst densities for the regions in the mid-sagittal sections from the 108 rats (top). Table of statistics for comparison between pairs of regions using Mann-Whitney (bottom). SPSS Graph Builder (version 22) was used to draw the boxplot. (B) P-values for comparisons of tissue cyst densities in regions using the Mann-Whitney test. The Bonferroni corrected p-value cutoff for multiple testing is 0.0011 (0.05/45).](pone.0156255.g004){#pone.0156255.g004}

Interestingly, two of the 11 strains analyzed, TgRabbitBr1 and TgCTPr-C3 showed a significant difference between brain regions (p \< .003, Kruskal Wallis test) and strain CT-1 was borderline significant (p = 0.05, Kruskal Wallis test). Strains TgRabbitBr1 and TgCTPr-C3 had higher tissue cyst densities in the colliculus and olfactory bulb and lower density in the hippocampus. Strain CT-1 also had an elevated tissue cyst density in the olfactory bulb and reduced density in the hippocampus but, in contrast to the other two strains, had low tissue cyst density in the colliculus. There was not a significant difference between regions in the other strains analyzed including the two common lab strains ME-49 and VEG. This may have been due to the restricted number of animals examined (n = 9 per strain) or weak tropism for these strains.

Tissue cyst density and size by *T*. *gondii* strain {#sec022}
----------------------------------------------------

The highest density of tissue cysts was observed in brains of rats infected with the TgCTPr-C3 strain ([Fig 5](#pone.0156255.g005){ref-type="fig"}, [Table 4](#pone.0156255.t004){ref-type="table"}). The tissue cyst count for the TgCTPr-C3 strain was higher than any of the other strains tested although this trend was not statistically significant for the TgGoatUS4 and VEG strains. Only a few tissue cysts were found in rats inoculated with the TgPigUS15 strain, and data were consistent both in histological sections and in homogenized brain ([Table 4](#pone.0156255.t004){ref-type="table"}).

10.1371/journal.pone.0156255.t004

###### Measurements of tissue cysts from rat brains infected with different strains of *T*. *gondii*.

![](pone.0156255.t004){#pone.0156255.t004g}

  *T*. *gondii* strain   Genetic type (ToxoDB PCR-RFLP genotype \#)   No. of tissue cysts measured   Size (diameter) in μm   
  ---------------------- -------------------------------------------- ------------------------------ ----------------------- -------
  TgGoatUS4              Type III (\#2)                               550                            36.14                   4.22
  GT1                    Type I (\#10)                                688                            38.15                   2.95
  TgNmBr1                Type II (\#1)                                373                            40.78                   3.06
  CT1                    Type I (\#10)                                204                            40.92                   8.83
  VEG                    Type III (\#2)                               900                            42.48                   2.24
  TgCTPrC3               Atypical (\#18)                              625                            43.54                   1.57
  TgBbUS1                Atypical (\#147)                             625                            49.19                   3.41
  TgRabbitBr1            Atypical (\#19)                              177                            49.23                   8.38
  ME49                   Type II (\#1)                                632                            49.65                   2.54
  TgCatCo1               Type I (\#28)                                476                            51.39                   4.91
  TgPigUS15              Atypical (\#8)                               12                             65.33                   11.34

![Comparison of tissue cyst counts between strains of *T*. *gondii*.\
(A) Box and whisker plot of tissue cyst number from the mid-sagittal sections for the 108 rats with eleven strains (n = 9--10 rats per strain). SPSS Graph Builder (Version 22) was used to create the boxplot. (B) Table of statistics for comparison between strains using Mann-Whitney test as [Fig 4](#pone.0156255.g004){ref-type="fig"}. Bonferroni multiple testing correction p-value cutoff is (0.05/55).](pone.0156255.g005){#pone.0156255.g005}

Tissue cysts were 36 to 75 μm in size in homogenates of brains ([Table 4](#pone.0156255.t004){ref-type="table"}). There was no apparent correlation of tissue cyst size and genotype.

Tissue cysts in muscles {#sec023}
-----------------------

Tissue cysts were not found in the histological sections of heart and skeletal muscle of any rat ([Table 5](#pone.0156255.t005){ref-type="table"}). Tissue cysts were seen in sections of tongue of 20 rats ([Table 5](#pone.0156255.t005){ref-type="table"}).

10.1371/journal.pone.0156255.t005

###### Summary of lesions in extra ocular tissues of rats inoculated orally with 11 strains of *T*. *gondii*[^a^](#t005fn001){ref-type="table-fn"}.

![](pone.0156255.t005){#pone.0156255.t005g}

  *T*. *gondii* strain          GT1   TgCatCo1   ME49   TgNmBr1   VEG   TgGoatUS4   TgBbUS1   TgPigUs15   TgRabbitBr1   TgCtPRC3   CT1
  ----------------------------- ----- ---------- ------ --------- ----- ----------- --------- ----------- ------------- ---------- -----
  **Brain** Lesions                                                                                                                
  Score                         1.2   1.8        1.5    0.9       1.9   1.5         1.7       0.6         1.3           2.2        0.6
  Glial nodules with necrosis   2                3                5     4           5         1           2             6          
  Cyst rupture                  1     3          3      2         3     4           2         0           2             5          0
  **Heart**                                                                                                                        
  Lesion                        1     5          0      1         1     4           3         0           0             0          0
  Cyst                          0     0          0      0         0     0           0         0           0             0          0
  **Tongue**                                                                                                                       
  Lesion                        3     3          0      1         2     3           2         0           2             1          0
  Cyst                          4     1          4      1         3     3           0         0           2             2          0
  **Skeletal muscle**           0     0          0      0         0     0           0         0           0             0          0

^a^ No of rats with lesions out of 10 rats per *T*. *gondii* strain.

Lesions in brain {#sec024}
----------------

Inflammatory lesions were present in the brain of most infected rats. The most severe lesions consisted of meningitis, perivasculitis, glial nodules with or without central necrosis, degenerating tissue cysts, and individual organisms (Figs [6](#pone.0156255.g006){ref-type="fig"}, [7](#pone.0156255.g007){ref-type="fig"}, [8](#pone.0156255.g008){ref-type="fig"} and [9](#pone.0156255.g009){ref-type="fig"}). Average lesion scores are shown in [Table 5](#pone.0156255.t005){ref-type="table"}.

![Multiple necrotizing foci in cerebrum of Rat D6162 infected with the GT1 strain.\
Two foci have degenerative tissue cysts (arrows). IHC staining with polyclonal *T*. *gondii* antibodies.](pone.0156255.g006){#pone.0156255.g006}

![(A) Meningoencephalitis in Rat D6157 infected with the TgCatCo3 strain. Note meningitis (a), perivascular infiltration of leukocytes (b), and a glial nodule with a degenerative tissue cyst (c). PASH stained. (B) A large inflammatory focus, probably resulting from the host reaction to degenerative tissue cysts in Rat D6162 infected with theGT1 strain and HE stained.](pone.0156255.g007){#pone.0156255.g007}

![Examples of encephalitis with intact and degenerative tissue cysts.\
For Rat D6162 infected with the GT1 strain: (A) Vasculitis with five intact tissue cysts at the periphery of the lesion. IHC staining with *T*. *gondii* BAG1 antibodies and hematoxylin counterstain. (B) Several glial nodules, one with a degenerative tissue cyst (arrow). (C) Higher magnification of focus arrowed in Fig 8B. Note immunoreactive debris (arrows) in focus of necrosis focus. One intact tissue cyst (arrowhead) is at the periphery of the lesion. (D) The same lesion as in Fig 8B. An intact tissue cyst (arrowhead) is present at the periphery of glial nodule with central necrosis. There are no visible bradyzoites. PASH stain.](pone.0156255.g008){#pone.0156255.g008}

![Examples of degenerative tissue cysts in brains of rats.\
(A) Higher magnification of the lesion in [Fig 7D](#pone.0156255.g007){ref-type="fig"} with Rat D6157 infected with strain TgCatCo3. The cyst wall (arrow) is visible but bradyzoites have degenerated. (B) Bradyzoites in different stages of degeneration in Rat D6163 infected with the TgCatCo3 strain. The tissue cyst wall is not visible. IHC staining with BAG1 *T*. *gondii* antibodies. (C) Intensely stained bradyzoites in Rat D6162 infected with the GT1 strain. IHC staining with polyclonal *T*. *gondii* antibodies. (D, E) Two tissue cysts in different stages of degeneration in Rat D6162 infected with the GT1 strain. The outline of the tissue cysts is visible in one (arrow) and not in the other (arrowheads). The bradyzoites (arrowheads) appear to be intact.](pone.0156255.g009){#pone.0156255.g009}

Ruptured tissue cysts were found in 25 of 110 rat brains ([Table 5](#pone.0156255.t005){ref-type="table"}). Tachyzoites were not demonstrable in any rat euthanized two months post infection.

Lesions in eyes {#sec025}
---------------

Lesions were found in 23 of 92 eyes of rats euthanized at two months p.i. ([Table 6](#pone.0156255.t006){ref-type="table"}) and in animals infected with all strains except the TgNmBr1 (in which only four rats were infected). In two rats both eyes were affected. The predominant lesion was focal inflammation in the retina ([Fig 10](#pone.0156255.g010){ref-type="fig"}). Tissue cysts were seen in the sclera of one and in the optic nerve of two rats. The choroid was not affected. Only tissue cysts, not active tachyzoite infections, were detected in rats examined two months p.i.

10.1371/journal.pone.0156255.t006

###### Ocular lesions in rats orally inoculated with *T*. *gondii* oocysts.

![](pone.0156255.t006){#pone.0156255.t006g}

  *T*. *gondii* strain   No. of rats with ocular lesions/No. of rats   Retina               
  ---------------------- --------------------------------------------- -------- --- --- --- ---
  TgBbUs1                6/10                                          4        2   0   5   1
  VEG                    4/10[^a^](#t006fn001){ref-type="table-fn"}    4        0   1   3   0
  TgRabbitBr1            3/10[^b^](#t006fn002){ref-type="table-fn"}    3        0   1   2   0
  TgGoatUS4              2/10                                          2        0   1   1   0
  TgCtPrC3               2/10                                          2        0   2   0   0
  CT1                    2/10                                          2        0   0   1   1
  GT1                    1/8                                           1        0   0   1   0
  TgCatCo1               2/10                                          1        0   0   1   1
  TgPigUS15              1/10                                          1        0   1   0   0
  TgNmBr1                0/4                                                                

^a^ Tissue cyst in sclera of one and optic nerve of one rat.

^b^ Tissue cyst in optic nerve of one rat.

![Retinitis in rats.\
(A) Inflammatory focus involving the entire width of the retina (a) and encroaching the choroid (b). The sclera (c) is unaffected. Rat D6185 infected with the VEG strain and HE stained. (B) A focally extensive area of inflammation (retinitis) composed of lymphocytes and few macrophages affecting primarily the inner layers of the retina. Rat D6243 infected with the TgBbUS1 strain and HE stained. (C) Four intact tissue cysts (arrows) and a probable degenerating tissue cyst (arrowhead) in retina. Rat D6186 infected with the VEG strain. (D) Tissue cyst (arrow) in retina without host reaction. Rat D6249 infected with the TgBbUS1 strain and HE stained.](pone.0156255.g010){#pone.0156255.g010}

Discussion {#sec026}
==========

Tissue cyst tropism {#sec027}
-------------------

Because of the interest in behavioral effects of hosts infected by *T*. *gondii*, several authors have studied tissue tropism in the brains of chronically infected rodents, particularly the amygdalar region ([Table 1](#pone.0156255.t001){ref-type="table"}, \[[@pone.0156255.ref059]\]). Two reports found tropism to the amygdaloid \[[@pone.0156255.ref021]\] or mid brain regions \[[@pone.0156255.ref022]\]. In the most extensive study of localization of tissue cysts \[[@pone.0156255.ref023]\], the entire brains of five mice at 18 weeks p.i. were sectioned 8 μm apart, and sections were examined microscopically after HE staining. Tissue cysts in 54 regions of brains from olfactory bulbs to hind brain were counted. The authors concluded that tissue cysts were distributed unevenly in all regions of the brain with no specific tropism to amygdaloid regions. They provided the first quantitative data with respect to number of tissue cysts per millimeter of each region of the brain \[[@pone.0156255.ref023]\]. Another report indicated that tissue cyst distribution was not random but did not find tropism for any specific region \[[@pone.0156255.ref024]\]. Yet, two other studies reported that tropism could vary with duration of infection. Tropism to the hippocampus region was more evident at three weeks p.i. versus at six weeks p.i. in one report \[[@pone.0156255.ref025]\] and to the amygdala region at two months compared with six months \[[@pone.0156255.ref028]\]. Whether these differences are related to techniques, host, parasite strain, route of infection, duration of infection, or number of rodents ([Table 2](#pone.0156255.t002){ref-type="table"}) is not clear. For example, data were based on only a few (6 or less) animals in five of eight studies listed in [Table 2](#pone.0156255.t002){ref-type="table"}. Additionally, data are based on four *T*. *gondii* (RH, ME49, HIF, Prugniaud) mouse-adapted strains, passaged for many years.

In the present study in rats there was no predilection for tissue cysts in the amygdala and although there were higher tissue cyst densities in some regions (i.e. colliculus) there was also significant variability between rats. This is similar to the observations in infected mice \[[@pone.0156255.ref023]\]. Method of infection and stage of parasite may also influence tropism.

Size of tissue cysts in brain {#sec028}
-----------------------------

The tissue cyst size is dependent on the duration of infection, the type of host cell parasitized, strain of the parasite, and the cytological method used for measurement. Little has been published with respect to the effects of host, parasite genotype, and *T*. *gondii* strain on the tissue cyst size \[[@pone.0156255.ref060]\]. Most of the published information is derived from infection in mice with mouse-adapted *T*. *gondii* strains ([Table 2](#pone.0156255.t002){ref-type="table"}). Beverley (1958) \[[@pone.0156255.ref061]\] first provided data on the tissue cyst size. He measured volume of tissue cysts in saline homogenates of brains of mice inoculated subcutaneously with tissue cysts of the rabbit a (Beverley) strain. Tissue cysts grew uniformly up to 10 weeks, after which there was considerable variability in tissue cyst size, perhaps due to a second generation of tissue cysts \[[@pone.0156255.ref039]\]. Most tissue cysts were less than 40 μm in diameter and rarely greater than 58 μm. This paper was presented in a conference and details are missing and thus not included in [Table 2](#pone.0156255.t002){ref-type="table"}. Van der Waaij (1959) \[[@pone.0156255.ref030]\] studied growth of tissue cysts in mouse brain homogenates in which 100 to 500 tissue cysts freed from brain tissue were measured at 4, 8, 12, 16, and 24 weeks p.i.; tissue cysts grew uniformly in size up to 12 weeks p.i., and then the growth remained relatively constant. Tissue cysts were up to 70 μm in diameter, but the mean diameter of 100 tissue cysts at 16 weeks p.i. was 42 μm. Ferguson and Hutchison (1987) \[[@pone.0156255.ref029]\] measured 140 tissue cysts with a minimum of 10 tissue cysts at 11, 21, and 28 days, and 3, 6, 12, 18, and 22 months p.i. in thin sections by electron microscopy. Tissue cysts were up to 20 μm in diameter at 28 days, up to 30 μm at 3 months, and up to 50 μm at six months. In addition to data in [Table 2](#pone.0156255.t002){ref-type="table"}, Sullivan et al. (2013) \[[@pone.0156255.ref026]\] provided micrometery data on 213 tissue cysts in the brains of four mice, six months after intraperitoneal inoculation with 10 tissue cysts of the ME49 strain of *T*. *gondii*. They measured tissue cysts in two directions to account for the variability of the shape of tissue cysts (elliptical versus circular) and proposed an equation for measuring the volume. They concluded that the volume of tissue cysts was the same irrespective of the shape and the size was dependent on the number of bradyzoites. At six months p.i., tissue cysts in brain homogenate varied from 10--80 μm but most were less than 60 μm.

Dubey (1996) \[[@pone.0156255.ref032]\] measured tissue cysts in formalin-fixed histological sections of the brains of mice and rats between 72 to75 days after feeding the rats oocysts. Although the tissue cysts were up to 50 μm in diameter, most of them were approximately 30 μm in diameter. Tissue cysts in brains of rats were of the same size as in mice; infections in both hosts were given the same inocula.

The measurement of tissue cysts in formalin-fixed, paraffin-embedded sections provides a standard means of reporting results. The sizes of the tissue cysts vary a great deal when unstained tissue cysts are examined between a glass slide and coverslip, depending on the homogeneity of the brain suspension, the amount of fluid, and the pressure applied. In the present study, tissue cysts were measured in formalin-fixed brain homogenate so that enough material could be examined over time when dealing with samples from more than 100 rat brains. In the present study, tissue cysts from infected rats varied from 34--61 μm. The size did not appear to be *T*. *gondii* strain type specific. In conclusion, tissue cysts in brain rarely reach a diameter of 70 μm in size, but there is variability in tissue cyst size between genotypes of *T*. *gondii* but no clear pattern. Tissue cysts were largest in rats infected with the atypical TgRabbitBr1 strain.

Tissue cyst rupture and reactivation of latent infection {#sec029}
--------------------------------------------------------

It is well known that *T*. *gondii* tissue cysts persist in organs of infected hosts for several months and perhaps for life, depending on the host and parasite strains \[[@pone.0156255.ref001]\]. Although more tissue cysts are found per gram of brain tissue in mice than in other hosts, data are limited to a few mouse-adapted strains and immunity to toxoplasmosis maybe dependent upon the strain of mouse and the parasite. Indeed tachyzoites were present in the brains of chronically infected mice \[[@pone.0156255.ref062]\] but the frequency of the phenomenen is not known. Parasitemias have been observed in chronically infected mice \[[@pone.0156255.ref017]\] and congenital infections have been documented in some strains of chronically infected mice \[[@pone.0156255.ref016],[@pone.0156255.ref018]\]. Hermes et al. (2008) \[[@pone.0156255.ref063]\] reported neurological deficits in mice 11--16 months post infection with the ME49 strain of *T*. *gondii*. They found inflammatory lesions although no tachyzoites, few bradyzoites, and no inflammation were observed around intra neuronal tissue cysts. Ferguson et al. (1991) \[[@pone.0156255.ref027]\] found persistent subclinical meningoencephalitis in mice during the chronic phase (1--22 months p.i.).

*Toxoplasma gondii* tissue cyst rupture has been documented only rarely. In a quantitative study, tissue cyst rupture was found in only two (0.27%) of 750 tissue cysts examined in the brains of experimentally infected mice, although *T*. *gondii*-positive debris was found in eight (1.4%) glial nodules \[[@pone.0156255.ref027],[@pone.0156255.ref064]\]. Recently, Watts et al. (2015) \[[@pone.0156255.ref031]\] quantitavely studied the dynamics of tissue cysts in CBA/J mice infected with the ME49 strain. Tissue cysts were separated by percoll gradient fractionation from brains of mice euthanized at 3, 4, 5, 6, and 8 weeks p.i. The number of tissue cysts and their sizes were remarkably similar 3--8 weeks p.i.; both small (\<40 μm) and large (\>70 μm) tissue cysts occurred at all time points. There was no evidence for cyclic rupture of tissue cysts and formation of many new tissue cysts. Evidence indicated that the loss of tissue cysts (if any) is balanced by emergence of an equal number of tissue cysts destroyed. Whether this phenomenon is peculiar to the strain of mouse and the ME49 strain requires further study \[[@pone.0156255.ref031]\].

Tissue cyst rupture was documented in a Panamanian night monkey (*Aotus lemurinus*) that had been inoculated three times with an attenuated (ts-4) strain of *T*. *gondii* and then reinoculated orally with tissue cysts of a wild type *T*. *gondii* strain \[[@pone.0156255.ref065],[@pone.0156255.ref066]\]. Tissue cyst rupture has rarely been documented in naturally infected immunocompetent hosts. One of us (JPD), who has examined tissues of many naturally infected animals, found ruptured tissue cysts only twice, in a cat \[[@pone.0156255.ref067]\] and a kangaroo \[[@pone.0156255.ref068]\], and in both instances the parasite appeared to be morphologically different than *T*. *gondii*.

In the present study in experimentally infected rats, tissue cyst rupture was frequent. Similar observations have been made previously in rats orally inoculated with VEG strain oocysts \[[@pone.0156255.ref032]\]. However, there was no evidence for reactivation and the presence of tachyzoites. Although observations were limited to rats infected for two months, there was no evidence for the formation of new tissue cysts.

Ocular toxoplasmosis {#sec030}
--------------------

One of the most important consequences of toxoplasmosis is ocular disease. Toxoplasmosis can cause loss of vision, and even total blindness in humans \[[@pone.0156255.ref069],[@pone.0156255.ref070]\]. Treatment of ocular toxoplasmosis is difficult because the currently available medicines do not kill tissue cysts, and drugs do not diffuse well into the retina, the site most commonly affected. Many animal models have been used to study ocular toxoplasmosis (reviewed in Su et al., 2014; Luder et al., 2014) \[[@pone.0156255.ref071],[@pone.0156255.ref072]\] with observations in mice, hamsters, and rabbits inoculated parenterally with tachyzoites or intraocular injection. However, ocular toxoplasmosis has not been described in rats. Using the natural route (oral) and the stage often ingested (oocyst), lesions were found in eyes of 23 (25%) of 92 asymptomatic rats euthanized two months p.i. This prevalence is similar to that seen in human beings who have been infected during epidemics associated with ingestion of water contaminated with *T*. *gondii* oocysts \[[@pone.0156255.ref073],[@pone.0156255.ref074]\]. This is particularly important as the search for ocular lesions was not exhaustive and hence higher infection rates are likely.

In human toxoplasmosis the most common site of clinical disease is the retina. Other tissue may be infected, but subclinically. Although there is inflammation in the choroid, *T*. *gondii* is not found in the choroid---the disease is correctly called retinochoroiditis \[[@pone.0156255.ref070]\]. It has been hypothesized that in humans, tissue cysts in retina can rupture causing inflammation with or without reactivation. Therefore, corticosteroids are sometimes used to reduce inflammation in conjunction with specific anti *T*. *gondii* therapy \[[@pone.0156255.ref073]\]. In the present study, eyes were affected early in infection as retinitis was found seven days p.i. and was associated with demonstrable tachyzoites, similar to ocular toxoplasmosis in humans \[[@pone.0156255.ref069],[@pone.0156255.ref075]\]. Tissue cysts were found in the retina of 20 of 23 rats with lesions. In some eyes, tissue cysts were seen in retinal tissue without inflammation; the same phenomenon can be seen in human eyes. Parasites were found predominantly in the inner retina. The same has been reported with infection of human eyes, which has been attributed to their association with blood vessels, which are present in the layer \[[@pone.0156255.ref014],[@pone.0156255.ref070],[@pone.0156255.ref076]\]. The rat model might be useful to study pathogenesis of ocular toxoplasmosis.

Supporting Information {#sec031}
======================

###### Surface view of rat brain with slices 1 and 2 used for histological examination, and slice 3 homogenized in saline for tissue cyst measurements.

(TIF)

###### 

Click here for additional data file.

###### Mid sagittal sections of both halves of brain of Rat D6223, from olfactory bulbs (a) to the cervical spinal cord (b).

Tissue cysts are not visible at this magnification. PASH-stained. GT1 strain.

(TIF)

###### 

Click here for additional data file.

###### Brain regions in rats with percentage of total area.

(DOCX)

###### 

Click here for additional data file.

###### Distribution of tissue cysts in different regions of the rat brain.

(XLSX)

###### 

Click here for additional data file.
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